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STREPTOCOCCUS 





Streptococci of medical importance are listed in table 15-3, all but one 
of these streptococci are discussed here; Streptococcus pneumoniae is, 
discussed separately at the end of this chapter. 




Diseases Streptococci causes a wide variety of infections. S 
pyogenes ( group A streptococcus ) is the leading bacterial cause of 
pharyngi tis and cellulitis . It also induces two important immunologic 
diseases, namely, rheumatic feve r and acute glomerulonephriti s. S agalactiae 
( group B streptococcus ) is the leading cause of neopatal, sepsis and 
meningitis. Enterococcus faecalis is an important cause of hospital j 
acquired urinary tract infections. Viridans group streptococci are the most 



co mmon cause of endocardi tis. SJa oyi a Lso- causes-end ocrditis. 
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Important properties Streptococci are spherical Gram - positive — 

cocci arranged in chains or pairs. All streptococci are catalase - negative, 
whereas staphylococci are catalase - positive ( Table I 5-3)- 

One of the most important characteristics for identification of 
streptococci is the type of hemolysis. ' 7 \c^. 0 ^> < ^C ~A A'j) TACu^L. nt u 
, . “ 
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Alpha - hemolytic streptococci form a green zone around their 
colonies as a result of incomplete lysis of red blood cells in the 



agar. 



( 2 ) 



Beta- hemolytic streptococci form a clear zone around their 
colonies because complete lysis of the red cells occurs. Beta- 
hemolysis is due to the production of enzymes ( hemolvsins ) called 
streptolysin O and streptolysin S ( see the pathogenesis section 
below ). 

(3) Some streptococci are nonhemolytic ( gamma - hemolysis). 

TABLE 15-3, STREPTOCOCCI OF MEDICAL IMPORTANCE. 
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SPECIES 


LANCEFIELD 

GROUP 


TYPICAL 

HEMOLYSIS 


DIAGNOSTIC FEATURES* 


S pyogenes 


r a i 


; Beta 


Bacitracin-sensitive 


S agalactiae 


B 


Beta 


Bacitracin- resistant ; hippurate 
hydrolyzed !; 


S faecalis 2 


D 


Al^ha or.bet§. or 
none 


Growth in 6.5% NaCl/ 

w. w* 


* S bovis 


D 


Alpha or none 


Ncigrowth in 6.5% NaCl. 


S pneumoniae 


NA 4 , 


Alpha 


Bile - soluble ; inhibited by 








optochin. 


Viri dans group 


NA 


Alpha 


Not bile - soluble ; not inhibited 
1 by opto chin. 



All streptococci are catalase - negative . t — — 
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Now called Enterococcus faecalis and abS>rcviatcd enterococci: S bovis is 
a Iliiac^mM ^occa l group D organism. 

J Both S faecalis and S bovis grow on ybile - cscul liTligar. whereas other streptococci 
do not. They hydrolyze the esculitu and this results in a characteristic black 
discoloration of the agar. 

4 NA, not applicable. 1 

There ait two important antigens of beta - hemolytic streptococci: 
tycv^c*- pA.A S fow f * ^ 

(T) C carbohydrat e determines the group of beta - hemolytic 
streptococci. It is located, in the cell wall , and its specificity is 

C-cif- determined by an amino sutiar. 

W*LL. - 

2) M protein is the most important 'virulence facto r and determines 
the type of group A beta - hemol ytic streptococci, ltyproti-udes 



from the outer surface of the ce l! and i nterferes with ingestion by 
phagocytes ; ie. it is antiphagocyti c. Antibody to M protein 
provides type - specific immunit y. There are .approximately 80 
serotypes based . on. the M protein, which explains why multip le 
infections with S pyogenes can. occur. Strains of pyogenes that 
produce- certain M* protein types are rheumatogenic, ie. cause 
primarily r heumatic fe ver, whereas strains of S pyogenes that 
produce other M protein types are tieph ritogenic , ie, cause 
primarily acute glo merulo nephritis. Although M pro t ein i the 



main antiph agocytic component of S pyogenes, the organism also 
has a polysaccharide capsule that plays a role in retarding 
phagocytosis. 

c The^Bassification of streptococci is as follows . 

A. Beta - hemolytic streptococci : these are arranged into groups 
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A-U (known as Lance fie Id gro ups ) on the basis ofamigenic 
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differences in C carbohydrate . In the clinical laboratory , the 
group is determined by precipitin test s with specific antise ra or 
by i m mun o fl u prescience . 

Group A streptococci ( Strep tococcus pyogene s) are among the most 

important human pathogens. They are the most frequent bacterial cause of 

fih aryiTgitis ) They adhere to pharyngeal epithelium via pili covered with 

lipoteichoic ac id and M protein . Many strains have a hyaluronic acid capsule 

that is antiphagocytic. They are usually bacitracin - susceptible, an 
- — ! — = — — 

important diagnostic criterion. 
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O' 1 tract of some women and can cause neo natal meningitis and sepsis . They are 
... — ^ *-l$6 

usually bacitracin- r esistant. 

Group D streptococci include enterococci ( eg. Enterococcus laecali s 
and En terococcus faecium ) and nonenterococc i ( eg. S treptococcus bovi s ). 
Enterococci grow in 6.5% NaCl and are not killed by penicillin G , grow in 
40% bile salt and tolerate 4^X\for 30 minute s . they occur as part of the 
normal flora in the gut and are noted for their ability to cause u ijiiai y. 



oroup 3 streptococci ( Streptococcus agalactiae) colonize the genital , 
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biliary, and cardiovascular, infectio ns. Noneverococci can produce similar 
infection but are inhibited by 6.5% NaCl and are kdled by penicillin O. 
Note that the hemolytic reaction of group D s treptococci is variab le : some 
are beta - hemolytic, whereas most are, alpha- hemolytic or non hemolytic . 

Groups C. E, F , G, H , and K - U streptococci infrequently caus e 
human disease . 

Group J d " lactic"' streptococci produce normal souring of milk. 

B. Non - Beta - Hemolytic Streptococci : Some produce no 
hemolysis ; others produce alpha hemolysis. The^gwggipal 
alpha - hemolytic organisms are S pneumoni ae and the 
viridans group of streptococci. The viridans streptococci ( eg. 

«u'xc £’ / & * Streptococcus mitis . S sangui s, and S mutan s ) are not bile 
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soluble and not inhibited by optochin - in co ntrast to S 
pneumoniae. Viridans streptococci are part ot the normal floia 
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of the human pharynx and intermitlently reach the lMooa.strearn 
10 cause infect ive endocarditis . $ mulans synthesizes 
polysaccharides ( dextrans ) t h at are found in deiitai plaqu e and 
lead in dental caries. Streptococcus intennedius and 
Streptococcus anginosus ( also known as th e Streptococcu s 
anginosus - millen group ) are usually alpha- hemolyti c or 
n onhemolytic , but some isolates are beta - hemolytic . They are 
found primarily in the mouthandcdon. 

C. Pepfostreptococci: these grow under anaerobic or 

micrcaerophilic conditions and produce variable, hemol ysis. 

Peptostreptococci are members of the normal flora of the gut 

and the female genital tract and participate in mixed anaerobic 

infection. sJQM w • 

Transmission Most streptococci are part of the normal flora of the 

human throa t, skin , and intestine s but produce disease when they gair 

access to tissues, or blood . Vi ri dans streptococ ci and S pneumoniae are 

found chiefly in the oropharynx; S pyogenesis found, on the skin and iv, 

the oropharynx in s mall number s: S agalactiae^ occurs in the femah- 

Genital tract; and both the enterococci and anaeiobic ^ti eptococci ai e 

located in the lower inte rnal tract. . 

Pathogenesis group A streptococci ( S pyogenes) cause disease by 

three mechanisms : (1) inflammat ion , which is induced locally at the site 

of the organisms in tissue ; (2) e xotoxin product ion, which can cause 

widespread systemic symptoms in areas of the body where there are no 

organisms; and (3) i mmunolo gic, which occur s when antibody against 

'component of the organism cross - reacts with norma! tissue or forms 

immunF~ccurip1exes'Thai damage normal tissue ( see th e section on 

poststreptococcal disease be low). ( fig 30.2) . 

Group A streptococci produce eight important toxins and enzymes. ® 
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A INFLAMMATION - RELATED ENZYMES 

,11 Streptokinase ( fibrinolysin) activate pjasminogen to Jam 
^T^hich dissolves fibrin in dots, tteombu and 
It 'S be used to lyse thrombi in the coronary 

arteries of heart attack patients. — 

p) DNase ( streptodornase ) depolyme rpesDNA in ^exudate sor 
^tic tissue. Antibody to DNas^B develops during 
pyoderma; this c an be used j or__ di agnos tic purposes. 
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Streptokin ase - stregmfomase mixtures applied as a skin 
test give a positive reaction in most adult s, indicating no rmal 
cell - mediated immunity. Druse gives risejo w *ten'_non_- 
^ vjscous pus , in c ontrast to Stapjvjmig usJ^^ 

Hyaluronidase degrades hyaluronic acid, which is the 
around substance of subcuta neous tissue ., Hyaluronidase. is, 

l^rsr s^ng factor because ^ adlitates the rap,d 

spr ead of S pvogene siii. sk in inf ection; ^eU uhl g | ^^^ 

Toxins and hemoylsins ( j 

£g£* toxin causes the rash of scariet fev er. 




mechanism of action is simhar to th atof thej oxic s hock syndrome 
toxin ( TSST) of £jureug ; it acts as a surperantige n ( see S aureus. 
aboveT and chapter 58)7 It is produced only by cert ain strai n s jf 

Streptococcus pyogenes lvsoge nizgdJw^ canving 

the gene for the toxin. The injection of a skin lest dose o( 

( Dickjegl) gives a positive^ul^mj^^ 
lacjcjji^ antitoxin (Ae. susceptible persons). ^ Acuj c ^ 
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Streptolys in,, O 71 s a hemolysin that is" inactivated by oxidation 
( oxygen — labile ). It causes beta- hemolysis only when colonies 
grow under the surface of a blood agar plate, f tjs antigenic, a nd 
antibody to it ( ASO) develops after group A streptococcal 
infections. The titer of ASO antibody can he important j n me 
diagnosis of rheumatic fever./ I 



(6) Streptolysin S is a hemolysin that is not inactivaia d-bv oxygen 
( oxygen-stable ). It is not antigenic but is responsible for beta - 
hemolysis when colonies grow on the surface of a blood agar plate. 
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Pyrogenic exotoxin A is the. toxin responsible for most cases of 
streptococcal toxic shock syndrome. It has the same mode of 
action as does staphylococcal TSST: ie, it is a su perantigen th at 
causes the release of large amount of cytokines from helper T cells 



„ 

( ,&A an d macrophages ( see p 87 and chapter 7 and 58) 
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necrotizing fascitis 



Exotoxin B is a protease that rapidly destroys tissue and is 
produced in large amounts by the strains of S pyogenes that cause 
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Phatogensis by group B streptococci ( Streptococcus agalactiae) is 
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based on the abi lity of the organism to induce an inflammatory response 
However , unlike Streptococcus pyogenes, no enzymes or exotoxins have 
been described and there is no evidence for any immunologically 
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bidumLdjs ease . Group B streptococci have a polysaccharide capsule that 
is antiphagocyti c, and antica psular antibody is protective. 

^ Clinical findings S pyogenes causes three types of disease • 

- Y iJW’ 

' ' T<v o ( l ) py°s enic disease such as pharyngitis and cellulitis, (2) toxigenic 
^diseases such as scarlet fever and toxic shock syndrome' and 
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(3) immunologic disease such as rheumatic feve r and acute 
glomerulonephritis. ( see the section on poststreptococcal diseases, 

below). 

S pyogenes ( group A beta - hemolytic streptococcus ) is the most 



arvngitis is characterized by 

f pr z- 

a ten 



common bacterial cause of soie thioa t. 
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k> i nflammatio n, exudate s. %ver, leukocyto sis-. and lender cervical lymp i 
nodes. If untreated, spontaneousreoovery fccursin 10_days. Howevei. it 
# may" extend to f itis, sinSafe , masioiditis , and inenm^s. If the infecting 

\ streptococci produ^Te^hn^^ and thejujst l acks jmtitoxin r 

‘^scarlet fever may result. R heumatic fever may occur, espe cially following 
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pharyngitis; j^yogenes also causes another toxin , media ted disease ., 
streptococcaltoxic shock syndrome , which has clrvcal findings similar 
to those of staphylococcal toxic shock syndrome. (§) 

Group A streptococci can enter skin_defects to produce 
( fie 6) erysipelas ( fig^ . necrotizing fasciitis ( streptococcal_gm i grene-j , StX^J 
^iwha^^b^eteremia. They can enter die uterus after delivery to 
produce Myometritis, and s^s^iuer^ the most highly fatal 
from is caused by streptococcus pyogenes, among all other bacteria. 
Streptococcal pyoderma rmipetigo ) is a superficial infection ot abmded 
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skin, that forms pus or crusts. It incommunicable, among children, 
especially in hot, humid climates. Glomeri^ 
especially following skin infec tions. /^) (Ijp 

^group B streptococci cause neonatal sepsis and meningitis. The 
r*tv&\ predisposing factor is prolonged ( longerthan 1 8 hours), rupture of 
the inenibraiies Tn women who are c^dTo^ • Chi ldren- 

borc\prior to 37 weeks gestation have a grea tly ipc rs asee LusK of disease. 
Alcn .hiirln.r^hnse modw *-who lack antibody to group B streptococc i 
and who consequently are born without trans£lacentally acquiredJgG 
have a high rate of 'nemattUepsis caused by this organism although most 
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group B streptococcal infection are in neonates, this oi gun ism disc ca 

such infections as pneumonia, endocarditis, aitlmtis- and ^ 
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adults. Postpartum endometritis also occurs. Diabetes is the main 
predisposing factor for adult group B streptococcal infections^ 



Viridans streptococci ( eg, S mutans, S sanguis, and S mitis) are the 

i 

inncf mpim oft — cause of infective endocariditis. They enter the 
bloodstream from the oropharynx, typical ly after den taTsurgery. Sings of 
endocarditis are fever , anem ia, h eart murmu r, and embo lic eve nts. It is 
100% fatal unless effectively treated with antimicrobial agents. About 
jjQ% of endocarditis cases are caused by Enterococci, but any organism 
causing bacteremia may settle on deformed valves: At least thre e blood 
cultures are necessary to ensure recovery of the organism in more than 



Enterococci cause urinary tract infections, especially in hospitalized 
patients. Indwelling urinary catheters and urinary tract instrumentation 
are important predisposing facto rs. Enterococci also cause endocarditis , 
particularly in patients who have undergo ne gastrointestinal or urin ary 
tract surgery or instrumentation. They also cause intra — abdomina l and 
pelvic infections, typically in combination w ith anaerob es. Streptococcus 
bovis. a nonentsrococcal group D streptococcus, causes endocarditis, 
especially in patients with c arcinom a of the colon. This association is so 
strong that patients with S bovis baceremia or endocarditis should be 
investigated for the presence o fco Ionic carcinoma . 

Streptococcus interm edi us and streptococcus anginosus cause dental , 
brain, and abdomin a^abscessss. a nd endocarditis. Peptostreptococci 
participate in mixed anaerobic infections ' of the a bdome n, j oelvis , ling s 
,and brain and a fter teeth extraction . 

Poststreptococcal ( Nonsuppurative ) Diseases These aie disoiders in 
which a local infection with group A streptococci is following weeks 
later by inflammation in an organ that was not infected by the 
streptococci. The inflammation is caused by an immunologic response to 
streptococcal t\T proteins that cross — react with human tissues. Some 



90% of cases ( fig 30.2). 










strains of S pyogenes be aring certain M prote ins are nephritogenic and 
cause acu teTomeruloneplui iis. and oiher strains bearing different M 
proteins are rheumatojgenic and cause ac ute rheiiinatig — 

A. Acute glomerulonephritis: Acute glomerulonephritis ( AGN ) 
typically nr^2-3^eeks a ftet 1 shinmfec^ by certain group A 
streptococcal types in children ( eg. M protein type 4£ causes AG N 
most frequently). AGN 'is more frequent aft er skin infectionsjhan 
afterph^yngitis . The most striking clinical features are hypertension, 
3S^ffece (^especiall y periorTkaU denta) ankles, and “ smoky 
red cells in the urine). Most patients recover 
completely. Reinfection with ^eptococci rarely leads to recurrence 
of acute gi omeruionephn ti s . R egj^vptiQS 

The disease is initiated by antigen - antibody complexes °? th ® 
k ** 6 Glomerular basement membrane . and soluble antigens from streptococcal 
membranes may be the inciting antigen. It can be prevented by early 
- eradication o f nenhritog enic streptococci u dl 

VffT- not bv administrant of penicillin after onset oi symptoms. 

- ^ 1 ^ ^ — “Tw 

B Acute rheumatic fever: Approximately 2 weeks after any type of 
^ group A streptococcal infection - usually pharyngitis- rheumatic 
fever, characterized by feysL mimatorv polyarthritis. and ^ardiUT 
may develop. The carditis damages -myocardial an endocardial ossue. 
especially the mitral and aortic valves. ASO titers and the en'throcyte 

sedimentation rate are elevated. ^ 

Rheumatic fever is due to an immunologic reaction between cross - 
reacting antibodies to certain streptococcal M proteins and antigen ol 
joint and heart tissue ( FIG 30.2). It is an autoimmune disease . greatly 
Acerbated by recurrence of streptococcal infections, it streptococcal 
^infections are treated wkhi n 8 day s_ofonse^ rheumatic fever is usual, y 




\ 






8 








f 











ERYSIPELAS 



'Lift 
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Is a febrile disease, characterized by inflammation and 
redness of the skin. Inflammation can attack mucous 
membranes and subcutaneous tissues. Complications : 

1. Gangrene and 2. Lymphatic obstuction. 




Fig: /6 1 ERYSIPELAS of the face 
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Flesh Eating Disease 



Is a fatal septicemic disease of skin, subcutaneous tissues 
and muscels, complicated by gangre ne, senticemia , shock _i, 
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! Fig \ 3 - Necrotizing cellulitis developed in the right thigh and lower 
• abdomen in this patient . ■ 
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Fig Necrotizing cellulitis developed in the left leg in this patient 
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prevented. After a heart- damaging attack of rheumatic fever, reinfection 
must be prevented by long-term prophylaxis (Reactivation Occurs). 
In the United States., fewer than 0.5% of group A streptococcal infections 
lead to rheumatic fever, but in developing tropical countries, the late is 

higher than 5%. 

T ABORATOnV DIAGNOSIS 



A. 



ii 



Microbiologic : Gram - stained smears are useless in streptococcal 
pharyngitis because viridans streptococci are members of the normal 
flora and cannot be* visually distinguished from the pathogenic S 
pyogenes. However, stained smears from skin lesions or wounds that 
reveal streptococci are ^diagnostic . Cultures of swabs from|the 
pharynx or lesion on blood agar plates show small, translucent, beta- 
hemolytic colonies in 1 8 -48_hpur s. If inhibited by bacitraci^dif, 
they are .likely to be group A streptococci. Group B streptococcuare 
characterized by their ability' to hydrolyze hippurate and by the 
production of a protein that causes enhanced hemolysis on sheep 
blood agar when combined with beta — hern oW sin of S ^uieus 
( CAMP test). Group D streptococci hydrolyze ^escuiin- in the 
presence of bile; ie , they produce a black p ig ment o n > l e - escuhn 



agar. The group D organisms are further subdivided: the enterococci 
tow in hypertonic (6.5%) NaCl, whereas ; the nonenterococci do 

; ot ' 23 * 

Although cultur es remain the gold standard for the diagnosis of 
streptococcal pharyngiti s, a problem exists because the results of 
culturing are not available for at least 18 hours and it is beneficial to 
know while the patient is in the office whether antibiotics should be 
prescribed. For this reason, rapid tests that provide a diagnosis in 
approximately 10 minutes were developed. The rapid test detects 
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bacterial antigen:; in a throat swab specimen. 4n- the— tesfr-spec ifi c 
antigens from the group A streptococci are extracted from the throat 
swab with certain enzymes and are reacted with antibody to these 
antigens bound to latex particles occurs if group A streptococci are 
present in the throat swab. 

Serologic : ASO titers Jare high soon after group A streptococcal 
infections. In patients suspected of having rheumatic fever, an 
elevated ASO titer is typically used as evidence oj ^ previous 

infection because throat culture results are often negative at the time 

r 

the patient present with rheumatic fever. Titers of anti - DNase B are 
high in g'^+p — A- streptococcal skin infections and serve as an 
indicator of previous streptococcal infection in patients suspected of 
having AGN. 




Treatment Ail group A streptococci are susceptible to penicillin G, but 
neither rheumatic fever nor AGN patients benefit fro m penicillin treatment 
a fter onset. In mild group A streptococcal infections, oral penicillin V can be 
used. In penicillin - allergic patients, e rythromycin or one of its long acting 
derivatives, eg, azithromycin, can be used. Endocarditis caused by most 
viridans streptococci is curable by prolonged penicillin treatment. Howver, 
enieroeoccal endocarditis can be eradicated only by a penicillin or 
v ancomyc in combined with an aminoglycoside. Enterococci resistant to 
multiple drugs, eg, penicillin, aminoglycosides, and vancomycin, have 
emerged. Vancomycin - resistant enterococci ( VRE) are now an important 
cause of nosocomial infections : there is no reliable antibiotic therapy for 
these. organisms, ( in. april .2000 , the FDA approved linezolid [Zyvox] for 
the treatment of infections caused by VRE.) nonenterococcal group D 
streptococci, eg, S bovis, are not highly resistant and can be treated with 
penicillin G. The drug of choice for group B streptococcal infections is 

penicillin G. Some strains may require higher doses of penicillin G or a 

■pA.Tt - foelj 7f*/A i&7 far? i 6 M — Cl * & ■ 7\ • 
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combination of penicillin G and an aminoglycoside to eradicate the 
organism. Peptostreptococci can be treated with penicillin G. 

, \ 

Prevention Rheumatic fdver can be prevented by prompt treatment of 1 

group A streptococcal pharyngitis with penicillin. Prevention of 
streptococcal infections ( usually with benzathine- penicillin once each month 
of several years) in persons who have had rheumatic fever is important to 
prevent rec u rrence of the diseas e. There is no evidence that patients wh o 
have had AGN requifcsimi [aL-neiiicitUii ^rophy laxls. 

In patients with damaged heart valves who undergo invasive dental 
procedures, endocarditis caused by viridans streptococci can be prevented by 
using amoxicillin perioperativelv . In patients with damaged heart valves 
who undergo gastrointestinal or u rinary tr act pr ocedur es, endocaiditis caused 
by enterococci can be prevented by using ampicillin and ^gentamici n 
perioperatively. 

r " Neonatal sepsis caused by group B streptococci can be prevented by 
administration of par enteral ampicillin perinatally to women who experience 
prolonged ( lnng^lKaTfFhoure) ^pture of memb ranes, whose labor begins 
before 37 week’s gestation, or who have a fever at the time of labor. Orai 
ampicillin given to women who are vaginal carriers of group B streptococci 
does not eradicate the organism. Rapid screening tests for group B 
streptococcal antigens in vaginal specimens are insensitive and neonates 
born of antigen - negative women have, nevertheless, developed neonatal 

sepsis. 

There are no vaccines available against any of the streptococci 
described in the section above. 
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STREPTOCOCCUS PNEUMONIAE. 

Diseases Pneumococci cause pneumonia, bactereima, meningitis, 
and infections of the, upper respiratory tract as otitis and sinusitis. 

3 j 

Important properties Pneumococci are Gram - positive lancet - 
shaped coco; arranged in pairs ( diplocoeci) or short chains. ( The len„ “ 
lancet - shaped” means that the diplocoeci are oval w.th somewhat pointed 
ends rather that) being round). On blood agar they produce alpha- hetnoylsis. 
In contrast to viridans streptococci, they are lysed hy bile or deoxycholate 

and their growth is inhibited by optochh. 

Pneumococci posses polysaccharide capsules of more than 85 
antigenically distinct types. With type - specific antiserum, capsules swell 
( quell ung reaction) , and this can be used to identity the type. Capsules are 
virulence factors ; ie, ■ they interfere with phagocytosis and favor 
invasiveness. Sp-.mfic antibody to the capsule opsonizes the organism, 
facilitates phagocytosis, and promotes resistance. Such antibody develops in 
Humans as result either of infection ( asymptomatic or clinical) or of 
administration of polysaccharide vaccine. Capsular polysacc haride ej icity 
primarily a B cell ( ie, T - independent ) response. 

Transmission Humans are the natural hosts for pneumococci, there is 
no animal reservoir. Because a proportion ( 40-70 %) of the healthy 
population harbor virulent, organisms in the oropharynx, pneumococcal 
"'infections are not considered to be Resistance i^hrgh in 

healthy young people, and disease results most often when predisposing 

factors ( see below are present). 

Pa th ogen esis The most important virulence factor is the capsular 
polysaccharide, and anticpasular antibody is protective. Upotechoic acid. 
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which activates complement and induces inflammatoiy c /uQjdne production , 
contributes to the inflammatory response and to the sep tic shock syndro m e 
that occurs in some immunocompromised patients. Pneumal^irL the 
hemolysin that causes ajphaJi£moksis. may also contribute to pathogenesis. 
Pneumococci produce IgAjDrotease that enhances the organism’s ability to 
colonize the mucosa of the upper respiratory tract. Pneumococci jnultiply m 
tissues and ca use inflamm ation. When they reach alveoli, types 0JL cause 
75% of p neumococcal pneumon ia^. There is outpouring of fluid and red and 
^TbT^cellsT resultingliTconsolidation of the lung. During, recovery, 
pneumococci are phagocytized , mononuclear cells ingest de bris, and the 
consolidation resolves. 

FACTORS THAT LOWER RESISTANCE AND PREDISPOSE 
PERSONS TO PNEUMOCOCCAL INFECTION INCLUDE (1) alcohol 
or drug intoxication or other cerebral impairment that can depress the cough 
reflex ^ and increase aspiration of secretions ; (2) abnormality of the 
respiratory tract ( eg, viral infections), pooling of mucus, bronchial 
obstruction (atelectasis) . and respiratory tract injury caused by irritants 
( which disturb the integrity and movement of the mococihary blanket): (T) 
abnormal circulatory dynamics ( eg, pulmonary congestion and heart 
failure ) .; (4) splenectomy : and (5) certain chronic disease such as sickle 
cell anemia and nephrosis. Trauma to the head that causes leakage of spinal 
fluid through the nose predisposes to pneumococcal meningitis. Frequent 
types affecting children are 6. 14. 19 and 23. 

Clinical Findings Pneumonia often begins with a sudden chill, 
fever, cough, and pleuritic pain. Sputum is a red or brown “ rusty- “ color. 
Bacteremia occurs in 15-25% of cases. Spontaneous recovery may begin in 
5-10 days and is accompanied by developmentof anticapsular antibodies. 
Pneumococci are a prominent cause of otitis media, sinusitis, puiulent 
bronchitis, bacterial meningitis, and sepsis. especially in 
immunocompromised patient. 
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a b oratory Diagnosis In sputum . pneumococci can be seen as 
predominant organisms in Gram - stained smears as Gram positive lancet 
shaped diplococci or in the quellung reaction with multitype antiserum. On 
blood attar, pneumococci form small alpha - hemolytic colonies. The 
colonies are bile - soluble , ie, are lysed bj bile , and growth is inhibited by 
optochin. Blood cultures are positive in 15 - 25% of pneumococcal 
infections. Culture of cerebrospinal fluids is usually positive in meningitis. 
BECAUSE OF THE INCREASING NUMBERS OF STRAINS 
RESISTANT TO PENICILLIN ANTIBIOTIC SENSITIVITY 
TESTS MUST BE DONE ON ORGANISMS ISOLATED 
FROM SERIOUS INFECTIONS. 



Treatment Most pneumococci are susceptible to penicillins and 
erythromycin. In severe pneumococcal infections, penicillin G is die diug of 
choice . whereas in mild pneumococcal infections, oral penicillin V can be 



used. In penicillin - allergic patients. er> diromycin or one of its long - 
aetina derivatives, eg. azithromycin, can be used. In the United States, about 
25% of isolates exhibit low level resistance to penicillin, primarily as a 
result of changes in penicillin - binding proteins. An increasing percentage 
of isolates, about 7% currently, show high- level resistance, which is 
attributed to multiple changes in penicillin - binding proteins, i hey do nor 
produce p- lactamase. Vancomycin is the drug of choice for the penicillin - 
resistant pneumococci. However, strains of pneumococci toleiant to 
vancomycin have emerged. ( tolerance to a ntibio tics is desc ribed on p 70). 



Prevention Despite the efficacy. of antimicrobial diug tieatmeni . 
the mortality rate is high in elderly ( ie. persons older that yeais). 

ini ifiunoco m p ro in i se d ( especially splenectoniized).- or debilitated persons^ 

Such persons should be immunized with the polyvalent ( 25 - type) 
polysaccharide vaccine. The vaccine is safe and fairly effective and 




♦♦ * 
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more tha , 5 years ago and who were less than 00 when they 'eyed t e 

vaccine and ( 2 ) people between the a e es munosuopressive 

infected receiving cancer chemotherapy, or rece.vmg tmmunosupp - 
'dr^tpln, transplant rejection J Oral penicillin is given « 
children with hypogammaglobulinemia or splenectomy ec 

children are prone to pneumococcal infections and respond poo.ly 

“ pneumococcal polysaccharide coupled 

a carrier protein ( diphtheria toxoid) as the immunogen was shown 

be effective in young children in preventing meningitis and ot,t,s medta. 
oe encouve j ,,en most common 

vaccine contained the polysacchar.de of the seven n ^ 

pneumococcal serotypes. This vaccine Was appiove 

Ftahmarv 2000 . + treatment of carriers + avoid predisposing a c - 



ttFVIFW QUESTIONS 

1. What are the differences in appearance on gram stained 
between staphylococci, streptococci, and pneumococci . 

2 What is the typical pathologic lesion caused by staphylococci y 
a! What laboratory test distinguishes Staphylococcus aureus from 

Staphylococcus epidermid is? 

4. Which staphylococcal species is usually associated with (a) 
~ endocarditis in drug addicts, (b) endocarditis ,n patients- with 
prosthetic heat, valves, (c) osteomyelitis, (d) lower urinary tract 
infections, and (e) carbuncle ? 

5. What is the pathogenesis of staphylococcal food poisoning ? 

6. What are the virulence factors produced by S aureus, and what is then 
postulated mode of action.? 
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TTMany S aureus infections arc unsuccessfully "treated" with" 
benzylpenicillin ( penicillin G ). Why? 

8. Distinguish between the grouping and typing of streptococci. 

9. Which streptococcal species is usually associated with (a) pharyngitis, 
(b) neonatal sepsis, ( c) infective ( subacute) endocarditis, (d) 
pyoderma, ( e ) urinary tract infection, (0 glomerulonephritis, and (g ) 
rheumatic fever? 

10. What is the role of hemolysis in the classification of streptococci? 

11. What are the' natural habitat and special growth characteristics of 
-• enterococci? 

12. What is the role of each of the following virulence factors in the 
production of disease by Streptococcus pyogenes? (a) hyaluronidase; 
(b) M protein, ; (c) erythrogenic toxin. 

13. Describe the pathogenesis of (a) rheumatic fever and (b) acute 
glomerulonephritis. 

14. How is Streptococcus pyogenes ( group A) distinguished from 
Streptococcus agalactiae ( group B) in the clinical laboratory? 

15. How are pneumococci ( Streptococcus pneumoniae) and viridans 
streptococci distinguished in the clinical laboratory ? 

16. Pneumococci have many serologic types. What is the nature of the 

antigen,- and what role does it play in pathogenesis ? 

17. What is the pathogenesis of pneumococcal pneumonia? 

18 . How can pneumococcal pneumonia and bacteremia be prevented?. 
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Association of cUsiH. human histocompatibility leukocyte 
antiautt with rheumatic fever. ” 
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CAMP - TEST 



CAMP is an acronym for^hr^^r •> 

discoverers of this phenomenon. J 

This procedure is used to confirm that a bacterial strain is a toa&fi 
stre ptococci by production of a characteristic zone of bfflKfcHS when 
grown in proximity to S. aureus. 



Procedure : 

1 Using an inoculating needle or the edge of 
a loop, streak S. aureus in a straight line 
down the center of a BAP . 

2. Streak strains of suspected streptococci at 
right angles to the S. aureus 2-3 cm apart. 

3. Be careful to streak the streptococcal 
strains close to, but not touching, die 
aureus streak. Label and incubate at 37 C. 



Results : Observe for signs of enhanced hemolysis in the shape of an 

where the S. aureus and streptococcal growth are m the nearest 

proximity. 

The weak beta-hemolysis of Group B Strep (Streptococcus agatactiae) 

synergistically combines with the beta hemolysis of a strain o oMpu 
to produce the arrow ]wnrf shape of strong beta hemolysis that characterizes 
a positive MP ■ (named for the mitials of the 4 discovers). 
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Microbiology Primer: Hemolysis 

There are two types of hemolysis on blood agar plates: alpha, beta, and 
gamma-(gamma-hemolysis-is-acttially-no-hernolysis-)-; 



Alpha hemolysis 




Streptococcus 

pneumoniae 




There is a darkening of 
the agar. 



Beta hemolysis 




Streptococcus pyogenes 
(Group A beta- 
hemolytic strep) 




There is complete lysis 
of red cells. Light will 
shine through an area of 
beta-hemolysis. In the 
thick part of the streak 
on this plate, one can see 
the label through the 
clearing. 



Gamma hemolysis 




Enterococcus faecalis 
(formerly Group D 
Strep) 




the agar. But note: Some 
strains of Strep exhibit 
alpha hemolysis limited 
to underneath the 
colony. These may be 
initially misidentified as 
gamma Strep. 



For comparison, here are the above three strains streaked out on the same 
plate. 





Certain species of bacteria are weakly beta- 
hemolytic but synergize with a strain of Staph to 
produce intense beta-hemolysis. This is called the 
CAMP test (after the initials of its inventors). One 
such species is Group B Strep {Streptococcus 
agalactiae). 




Jr 
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SET UP 



Staph, aureus 
streak tine 







CZ 



To -H ' -J 



unknown isolates 
(identify on the bottom of the 
plate and incubate at 37C for 
18-24 hours) 



READ REACTIONS 



Staph, aureus will produce 2 
jjecies of hemolysis . 




Positive CAMP test at 18-24 
hours. Note the exaggerated 
zone of beta-hemolysys * 
(white area) at the junction of 
the 2 streak lines 



Negative CAMP test at 18-24 
hours. Note the absence of 
any exaggerated zone of 
beta-hemolysis at the 



Ale. /SM<6 



Esculin'agar 



Ready-to*use medium 
I 4 136 4 Sachet of 5 tubes 



Formula in g/1 of distilled water 

hio-Tr) 
two Thirv 
YoiiKi r»x 
Ox lulo - 

(jnilitim 
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weGn Usteria monocytogenes and Erysipelothrix rtiusiopalhiae. 

Inoculate the tubes by a central stab using a platinum wire. Incubate at o7" C for 24-43 
hours or 3-4 days for delayed reactions. 

READING 

•Positive reaction: blackening of the tube 

Negative reaction: no blackening n ^. lpd 1ube 3 | qo incubated under the 

If the reaction is doubtful, compare with a no.v.noailateci tuoe a.so 

same conditions. 



! « ^ CM-I-KtW t ... z 

Srf/iK 
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reaction Erysipelothrix. Salmonella, Shigella. Staphylococci etc. 
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Antistreptolysin O Titer (ASO Titer) 



Normal Findings 

Adult/elderly: 160 Todd units/ml 
Child 

6 months to 2 years: 50 Todd units/ml 
2-4 years: 160 Todd units/ml 
5-12 years: 170-330 Todd units/ml 
Newborn: similar to mother’s value 

Indications 









This test is used primarily to determine whether a previous Streptococcus infection has 
caused a poststreptococcal disease, such as glomerulonephritis, rheumatic fever, bacteriai 
endocarditis, and scarlet fever. Levels are highest in glomerulonephritis an d rheumati c 
fever. 
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86 Antistreptolysin 0 Titer — 

Test Ex planation 

The ASO titer is a serologic procedure demonstrating the reaction of the body to infec 
ticn caused by group A beta-hemolytic streptococci. The Stnptocouus organism pro u 
an enzyme called streptolysin O, which has the ability to destroy lyse) rea oo cor 
ouscles. Because streptolysin O is antigenic, the body reacts by producing A-O. neu- 
tralizing antibody. ASO appears in the serum 1 week to 1 month alter the onset of strep- 
tococcal infection; a high titer is not specific for a certain type of po^treptococcal 
disease (i.e., rheumatic fever vs. glomerulonephritis) but merely indicates h ^ ^ st e P 
coccal infection is or has been present. When ASO elevation is seen m a, patient with 
glomerulonephritis or endocarditis.^ can safely assume that the disease vUs caused by 
streptococcal infection. ASO is of no value fox diagnosing acute streptococcal u nketio 
Cultures for streptococci are required for that. However, cultures are useless during the 
latent period of the poststreptococcal disease (about 2 to 3 weeks after initial ^ 'Jf. 
ASO is very helpful at this point. Serial ASO testing may be performe 
ference beme/the acute and convalescent blood sample. Serial rising titers of ASO over 
several weeks, followed by a slow fall in titers, is much metre significant m the diagnosis 
of a previous streptococcal infection than is a single titer. The highest incidence ot posi- 
tive results is during the third week after the onset of acute symptoms ot the streptococ- 
cal disease. By 6 months, only about S0«/o ; of patients have . de _ 

Another immunologic; test, antideo^ryiibonuclease-B (anti-DNase B) (p. h . 

K Mfer P roducJ by gr .up A streptococci. The anti-DNasc-B level is elevated m 
wfth acute rheumatic feW md poststreptococcal glomemlonephnm, 
Wn ASO and anti-DNase-E ate performed concurrently. 95% ot.pOTom .a ^w- 
cal Infections are detected. If both are repeatedly negative, there is no reason to suspec 
the symptoms are caused by a poststreptococcal disease. Ihe Streptozyme test is often 
used as i screening test to detect any one of multiple streptococcal-induced antibodies. 

Interfering Factors , 

• Increased beta^oprotein levels can neutoKzj.sftepto^m O and can cause a false- 

* DragJ that may'cau se decrc&std ASO levels include antibiotics and adrenocortico- 
steroids. Antibiotics reduce the number of streptococci and mereby suppress AoO 
production. Steroids are immunosuppressive and thereby suppress ASO pioduc ion. 

Procedure and Patient Care 



Before \ 

♦ Explain the procedure to tnc patient. 

• Tell the patient that no fasting is required. 

During 



Collect approximately 5 to 10 ml of blood in a red-top tube. 

Avoid hemolysis of the blood specimen. 

Note on the laboratory slip any meclicatic-m that may alfect the test lesults. 
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After 

• Apply pressure or a pressure dressing to the venipuncture site. 

• Observe the venipuncture site for bleeding. 

• Note that repeat ASO testing may be done to determine the highest level of increase. 

1 • -'■■■ ; '• '■ ■ i 

Test Results and Ciiintcal Significance- » 

Increased le vels » 

Acute streptococcal infection ASO liters wilt not have developed during the early days of the 
infection. It is only after the second week of an untreated infection that the ASO will rise. 

Acute rheumatic fever 
Bacterial endocarditis 
ASO titers are highest in these diseases. 

Acute glomerulonephritis As many as 50% to 75% of these patients will noibave high ASO 
titers. 

Scarlet fever 

Streptococcal pyoderma 

ASO is often not elevated in these diseases. 

Related Tests ♦ 

• Antideoxyribonuclease- B titer (p. 61): Like the ASO test, this immunologic test also 
detects antigens produced by group A streptococci and is positive in most patients 
with acute rheumatic fever or poststreptococcal glomerulonephritis. » 
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